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Conclusion: Following eccentric training the only arc of motion that had a positive 28 improvement in the capacity to absorb eccentric loads was the arc of motion that
29
represented eccentric contractions at the longest muscle length.
30

INTRODUCTION
32
The innate function of skeletal muscle is determined by its cell structure (fiber 33 morphology) and how these cells are arranged (muscle architecture). Fortunately, the 34 plasticity of skeletal muscle permits modifications to morphology and architecture when 35 the fibers are subjected to altered biochemical and mechanical stress during exercise-36 induced loss of homeostasis. 1 The subsequent architectural and structural adaptations 37 attenuate these stresses, thereby modifying fiber and muscle function. 2, 3 For example,
38
chronic training-induced fiber type transitions reduce the biochemical stresses produced 39 by cell metabolism, 4 whereas fiber specific hypertrophy attenuates mechanical 40 stresses. 5 Arguably, the most clinically recognizable exercise-induced adaptation in 41 skeletal muscle is hypertrophy, or the cumulative effect of increased muscle fiber size.
42
At the cellular level, muscle fibers can increase their size through mechanisms of 43 myofibrillogenesis and / or sarcomerogenesis.
44
Myofibrillogenesis is muscle fiber hypertrophy in the axial direction and increases
45
the cross sectional area of the fiber, because sarcomeres are added in parallel.
46
Sarcomeres are force producing elements, and the forces produced by them are additive 47 in parallel. Therefore, increases in muscle cross sectional area is a good predictor of 48 peak isometric force 6 which is easily tested in the clinic and used as an objective criteria 49 for return to play following injury. 7 Muscle fiber activation and the production of internal 50 forces are essential stimuli to optimize exercise-induced myofibrillogenesis.
8-10
51 However, if a muscle fiber is also subjected to an external load that results in positive 52 strain or stretch of the fiber, hypertrophy will also occur in the longitudinal direction,
53
increasing fiber length due to sarcomerogenesis.
11, 12
54 Sarcomereogenesis, or the addition of sarcomeres in series within a muscle 55 fiber, has been studied extensively with in-vitro 13, 14 , in-situ 15, 16 and in-vivo 12, 17-23 56 models. Although immobilizing a muscle in a lengthened position results in an increase 57 in serial sarcomere number 21, 22, 24, 25 this addition is reversed if the stimulus is removed.
58
Subsequently, the lack of tension sensing in the sarcomeres returns the serial 59 sarcomere number to pre-stretch numbers within weeks, and demonstrates the plasticity 60 of sarcomere number and its relationship to joint angle, and muscle tension. . Clinically, this functional adaptation in serial sarcomere number may also 70 prevent injury when the muscle consistently works eccentrically at longer lengths 11, 22, 29 .
71
These dynamic adaptations have been demonstrated in animal models using freely
72
walking rats 20, 23, 30 and controlled eccentric exercise protocols in rabbits 12, 15, 31 .
73
The adaptation of sarcomere addition in series following chronic eccentric 74 exercise supports a previously proposed mechanism whereby sarcomere length is 75 optimized for the muscle length at which force exerted on the tendon is the greatest 32 .
76
Therefore 
246
The isometric data analysis is presented using median values and inter-quartile 247 ranges as non-parametric analysis was performed which revealed no significant 248 differences between the five positions (P = 0.56, Table 1 ). The dynamic eccentric data 249 analysis revealed a significant difference between arcs (P = 0.02, Figure 1 ). Correcting Side-lying Eccentric Horizontal Adduction 1) Lie on your back near the edge of a firm surface; preferably the floor or a firm mattress. (Figure 1 ) 2) Extend the non-exercising arm straight up in the air while holding the weight. (Figure 2) 3) Extend your exercising arm straight up in the air, transfer the weight to the opposite (exercising) hand and drop your non-exercising hand to your side. (Figures 3-5 ) 4) Roll on to your non-exercising side keeping the weight still extended straight up in the air.
( Figure 6 ) 5) Now, using an 8 count, slowly lower the weight, keeping your thumb pointing towards the ceiling, your arm straight, and your arm in-line with your mouth. (Figures 7-8 ) 6) Let the weight lower as far as the surface will permit, hanging off if possible (Figure 8 ) 7) Once the weight has been fully lowered, roll on to your back ( Figure 9 ) and assume the starting position. (Figure 1 ) Repeat the steps for 2 sets of 15 repetitions. Side-Lying Eccentric External Rotation 1) Lie on your side on a firm surface, with a rolled up towel or bolster placed under your arm, with the weight held by your non-exercising arm as shown. (Figure 1 ) 2) Roll onto your back and bring the weight up to your exercising arm, making sure to keep the towel under your arm. (Figure 2 ) 3) Roll back on to your side, your arm should rotate up towards the ceiling. (Figure 3 
